Background: Vascular surgery has one of the highest unplanned 30-day readmission rates of all surgical specialties. The degree to which these may be avoidable and the optimal strategies to reduce their occurrence are unknown. The aim of this study was to identify and classify avoidable 30-day readmissions in patients undergoing vascular surgery in order to plan targeted interventions to reduce their occurrence, improve outcomes and reduce cost.
Introduction
Healthcare systems around the world are increasingly using hospital readmission rates as a marker of quality and performance 1 -3 . Readmission rates can be used as a financial instrument to drive improvements in performance. For example, the Centers for Medicare and Medicaid Services Hospital Readmissions Reduction Program in the USA and similar programmes in the National Health Service (NHS) in England penalize hospitals via the reduction or non-payment of care costs associated with emergency readmissions within 30 days of discharge 4, 5 . The aim of these policies is to incentivize hospitals to reduce emergency readmissions, which not only represent a significant resource burden but are also associated with poorer outcomes for patients 6, 7 . Multiple factors are likely to contribute towards readmissions, including patient-specific factors such as socioeconomic status, medical co-morbidities and disease severity, as well as factors related to the care patients receive in the course of their hospital admission or during the transition from secondary to community care after discharge 7 .
Despite the introduction of financial penalties, emergency readmissions have continued to increase, rising by 22⋅8 per cent in England between 2012-2013 and 2016-2017 8 . This raises serious questions regarding clinical decision-making and support for transitions in care after discharge for a large number of patients receiving inpatient treatment. Emergency readmissions not only represent a significant cost burden to the wider healthcare economy (an estimated £2⋅4 billion (approximately €2⋅7 billion, exchange rate 21 June 2019) in 2012-2013 in England and $17 billion (€15 billion, exchange rate 21 June 2019) in the USA in 2004) 4, 9 , but also constitute a disproportionate proportion of a hospital's inpatient care expenditure relative to the cost of the index admission 10 .
Patients undergoing vascular surgery are typically frail, co-morbid, and subject to significant and often numerous interventions during their care. This results in a higher incidence of postoperative complications and subsequent readmission after discharge compared with other surgical specialties 11 . In 2017, the National Vascular Registry in the UK reported a 6 per cent unplanned 30-day readmission rate for patients undergoing elective open abdominal aortic aneurysm (AAA) repair, which rose to 13⋅4 per cent in patients having emergency lower-limb revascularization 12 . This is consistent with readmission rates seen elsewhere, including in the USA 13 .
Despite this, a paucity of literature exists regarding avoidable readmissions in surgical specialties. Only one study 14 has sought to conduct a standard peer-review process to examine the avoidability of readmissions in a surgical cohort. Although a number of studies 15 -17 have identified the extent of 'unplanned' readmissions in vascular surgery, none has ascertained the proportion that may be deemed avoidable through a robust and valid process. Identifying those readmissions deemed to be avoidable would support the implementation of targeted strategies to reduce readmission rates to the benefit of patients, hospitals and the wider healthcare economy.
The aim of this study was to identify patients readmitted to hospital within 30 days of discharge after a vascular inpatient admission, and through a process of expert multidisciplinary peer review to identify and classify those readmissions deemed to be avoidable in order to identify processes and high-risk populations suitable for future targeted interventions.
Methods
Analysis was performed of a database compiled over a 1-year interval between 1 January 2016 and 1 January 2017 at a tertiary vascular surgery service in London, UK. All patient episodes, both elective and emergency, with a length of hospital stay (LOS) greater than 24 h were included. Patients were excluded from analysis due to coding errors (such as errors in administrative data, duplicate data or incorrect specialty coding), day-case admissions with LOS of less than 24 h, patients repatriated to a local acute hospital after surgery, those who died during the index admission or within 30 days of discharge, and patients under 18 years of age. Ethical approval was not required for this quality improvement and audit project in line with the principles outlined in the Declaration of Helsinki.
The electronic health record of all eligible patients was screened manually, and entries leading to a subsequent readmission to any specialty within 30 days were identified. Data were collected for all readmission episodes, including Index of Multiple Deprivation (IMD) 18 , co-morbidities, Charlson Co-morbidity Index score 19 and standard demographic details. For each readmission episode, the time to readmission, route of admission, primary reason for readmission, procedures undergone, and location of subsequent discharge were also recorded. Planned readmissions, defined as those intended at the time of discharge from the index admission, were excluded, as were patients who self-discharged early from their index admission against medical advice, as these were deemed not to reflect adequately the quality of care received.
An eight-member multidisciplinary expert review panel was convened consisting of two senior vascular surgeons, three clinical research fellows in transitions of care, one vascular clinical nurse specialist, an advanced vascular nurse practitioner and a senior specialist vascular pharmacist. The panel first classified unplanned readmissions as avoidable or unavoidable in terms of the following definition of an avoidable readmission: 'a readmission that, on the balance of probability, whether related or unrelated to the index admission or its complication, could have been prevented with optimal care that is judged to be reasonable within the constraints of the health system'. Readmissions were further classified into one of five categories through consensus following in-depth case review, in line with previously published methods for classifying and describing avoidable readmissions 14, 20 : unresolved issue on discharge (category A); inappropriate admission (B); inadequate social support (C); adverse event (D); and other avoidable readmission (E). For the purposes of classification, adverse events were defined according to the established literature 21 : 'an unintended injury or illness to a patient caused by medical management rather than the underlying condition of the patient'.
Statistical analysis
Standard descriptive statistical analysis was performed on demographic data, reporting median and range for non-parametric data. Fisher's exact, Kruskal-Wallis and Mann-Whitney U tests were used to compare differences between avoidable and unavoidable readmission cohorts. All analyses were conducted using IBM SPSS ® version 24 for Windows ® (IBM, Armonk, New York, USA). Figures were created using GraphPad Prism ® version 7.00 for Windows ® (GraphPad Software, San Diego, California, USA).
Results
Some 1239 discharges were identified during the study period. Of these, 354 (28⋅6 per cent) were excluded from further analysis (Fig. 1) . The median age of the 885 discharged patients included in the final analysis was 69⋅7 (range 19-93) years, 612 (69⋅2 per cent) were men, and the median index LOS was 9 (range 1-155) days. Some 104 discharged patients (11⋅8 per cent) were readmitted within 30 days. Of these, 28 patients whose readmission was planned as part of their ongoing care were excluded from further analysis, as were four patients who discharged themselves against medical advice during their index admission. A total of 72 of the 885 patients (8⋅1 per cent) had an unplanned 30-day readmission. Demographic details, co-morbidities and surgical procedures performed are shown in Table 1 . Patients were co-morbid and had undergone a range of index surgical procedures; 15 patients had no surgical intervention during their index admission. The median Charlson Co-morbidity Index score was 5⋅0 (0-10), and the median IMD decile was 4⋅0 (1-10), with 1 being the most deprived decile and 10 the least deprived. The median readmission LOS was significantly shorter than that of the index admission at 6⋅5 (0-78) days (P = 0⋅030).
On average, patients readmitted within 30 days presented on day 10 (1-30) after discharge. The majority (56 of 72, 78 per cent) were readmitted via the hospital's emergency department, with 41 (57 per cent) readmitted directly under the care of vascular surgery team ( Table 2) . Readmissions were related predominantly to the index vascular procedure, with pain and wound complications accounting for 20 (28 per cent) and 26 (36 per cent) of the readmissions respectively. Other surgical complications accounted for a further four readmissions (6 per cent), and the remaining 22 (31 per cent) were admissions under medical specialties. A further surgical procedure was required in 21 readmitted patients (29 per cent).
Following expert multidisciplinary peer review, 36 of the 72 unplanned 30-day readmissions (50 per cent) were found to be potentially avoidable. Fig. 2 details the proportion of avoidable readmissions in each of the five categories. Nineteen (53 per cent) were due to an unresolved issue on discharge, such as the failure to treat a diabetic foot infection adequately during the index admission. This group of patients included a disproportionate number of the readmitted patients who required further surgical intervention: ten of the 11 secondary procedures required, the majority due to bleeding or infection-related complications. Seven readmissions (19 per cent) were deemed inappropriate as there was potential for outpatient management of the admitting complaint, such as superficial wound infections that could be safely and effectively managed in the community. Four patients (11 per cent) were readmitted owing to inadequate social support; these were typically elderly or frail patients who were readmitted when their package of care in the community failed to support their initial discharge. A further four readmissions (11 per cent) were due to avoidable errors in management leading to adverse events, such as a patient admitted following drowsiness and a fall having been discharged on an incorrect dosage of opioid analgesia. The final two avoidable readmissions (6 per cent) could not be categorized by agreement of the panel; one was for episodes of recurrent hypertension that had initially been successfully treated before discharge, and the other was due to inappropriate presentation following the successful conservative management of a type B aortic dissection. There were no significant differences in the selected patient-and admission-related factors between readmissions deemed to be avoidable and those that were not. Importantly, there were no significant differences in readmissions and their avoidability across the index procedure type or route of admission.
Only an increased LOS after avoidable readmission was close to significance (median 8⋅0 days versus 5⋅0 days for unavoidable readmissions; P = 0⋅050) ( Table 1 ).
Discussion
Although avoidable readmissions in medical-based specialties have been the subject of ongoing research for many years, avoidable readmissions in the surgical cohort have received far less attention 22 ; just one study 14 has sought to identify avoidable readmissions in surgery. This is surprising given the widespread use of surgical readmission rates as a marker of the quality of care 1, 23 and source of financial penalties for hospitals. This study has identified and classified avoidable readmissions in vascular surgery, a specialty notoriously affected by high emergency 30-day readmissions after inpatient care 17 .
In this single-centre review of 885 discharges, 104 readmissions within 30 days of discharge were identified, of which approximately three-quarters were unplanned. Half of unplanned 30-day readmissions were found to be avoidable following expert multidisciplinary peer review, with failure to address ongoing medical issues adequately being the most common cause and no significant difference in patient factors found between the two groups. Defining the avoidability of readmission is a subjective process, but peer review by an expert panel is accepted as the objective standard.
The unplanned 30-day readmission rate of 8⋅1 per cent is low compared with rates reported from other studies of 8⋅9-16⋅3 per cent 17,24 -26 , and the planned readmission rate of 26⋅9 per cent of total readmissions is close to the 25⋅3 per cent reported elsewhere 24 . Planned readmissions comprise a significant proportion of overall readmissions in vascular surgery, and should therefore be excluded when readmission rates are used to assess quality or guide the imposition of financial penalties on hospitals. The 50 per cent avoidable readmission rate reported in the present study is significantly higher than that in a similar study 14 in general surgery, which found an avoidable readmission rate of just 21 per cent using a similar methodology across 258 readmissions. A further systematic review 22 identified a median rate of 27⋅1 (range 5-79) per cent; however, this discrepancy should be interpreted with caution given the significant heterogeneity in defining and identifying avoidable readmissions in the studies evaluated.
Evaluating the preventability of readmissions after vascular surgery may provide valuable lessons that are likely applicable to all institutions. First, 19 of the 36 avoidable readmissions (53 per cent) were categorized as due to an unresolved issue on discharge, with a further seven (19 per cent) categorized as inappropriate admissions. This suggests that a subset of patients are being discharged having received inadequate care due to operational pressures or poor clinical decision-making, or alternatively are not being provided with appropriate multidisciplinary team input and ongoing care following discharge to support their transition to community care successfully. In this vascular tertiary referral centre, the service is configured to provide consultant surgeon review within 12 h of admission, and a dedicated physician is also part of the multidisciplinary surgical team. The co-management of surgical patients with ward-based physicians has been shown to result in improved quality of care and lower readmission rates 27, 28 . In addition, improved coordination across the medical team and better clinical decision-making have been linked to the rate of unplanned readmissions 29 .
Early discharge appears to be implicated in high readmission rates, but it has also been trialled successfully as a means of reducing LOS 30, 31 , albeit in an elective setting that excludes the challenges of managing patients with a vascular emergency. Analysis of more than 9000 patients undergoing thoracic aortic aneurysm and thoracic endovascular aortic repair procedures found that early discharge did not adversely impact 30-day readmission rates or overall mortality 32 , and a fast-track pathway for early discharge after complex aortic surgery has been shown to reduce LOS successfully without negatively affecting patient outcomes 31 . One of the lessons from reported success of early discharge plans might be that it is postdischarge follow-up and multidisciplinary care during transition to the community that influences risk of readmission rather than the index LOS, or that expedited discharge is appropriate only for the elective pathway of care and is not safe or effective for patients admitted as an emergency.
A number of studies have examined the effect of postdischarge follow-up on the risk of readmission in other complex patient cohorts, such as those with chronic obstructive pulmonary disease (COPD). In one such study 33 , patients with COPD who attended a follow-up appointment within 30 days of discharge were 45 per cent less likely to be readmitted within 90 days. A similar study 34 found that postdischarge follow-up with either a primary care physician or respiratory physician did not alter risk of readmission or frequency of emergency department visits, but did result in a 62 per cent reduction in 30-day mortality risk.
In the present study, four (11 per cent) of the 36 avoidable readmissions were due to inadequate social support after discharge. Various interventions that address the hospital-to-home transition, including home visits and telephone-based follow-up after discharge, have been proposed as a means of reducing unplanned readmissions, with varying success 35 . Two notable RCTs 36, 37 , however, were successful in reducing the risk of readmission in elderly patients through the use of nurse-led discharge planning and home care interventions. Intensive postdischarge follow-up, combining both patient and caregiver education, reconciliation of medication and regular reminders to ensure attendance at follow-up appointments, has also been shown to be successful 38 . By addressing multiple areas of potential shortfall within the transition of care, it is possible to reduce unplanned readmissions through a multifactorial approach to postdischarge support, rather than through interventions that target discrete areas of the transition from secondary to community care.
There are limitations to this study that must be considered. First, there is an inherent selection bias associated with a retrospective chart review that could not have been avoided in this study design. Second, as full data collection was limited to the readmitted cohort, it was not possible to comment on factors predicting risk of readmission; thorough interrogation of data for patients who were not readmitted would have allowed for this. An additional limitation was the 28⋅6 per cent exclusion rate from the original 1239 consecutive patients identified, with almost half of these being due to coding errors and duplicate data. Patients are advised always to return to the hospital where their primary procedure was done, and the records reviewed covered admissions to the five constituent hospitals that form the organization. It is likely, however, that some admissions to other hospitals occurred. Standardized methodology for assessing preventability of readmission would aid comparison across centres.
With a median length of stay of 8⋅0 days for the potentially avoidable readmissions and an average cost per bed-day in the NHS of around £250 (€280, exchange rate 21 June 2019) 39 , preventing these readmissions would mean a potential saving of £2000 (€2237) per readmission, a potential saving of more than £6⋅5 million (€7⋅3 million) per year for the 43 000 vascular procedures performed each year in England. This conservative estimate represents solely the cost of the hospital bed and does not account for cost of treatment, drugs, further interventions, additional resources required or associated financial penalties. Further analysis of the true cost of these avoidable readmissions is therefore required to evaluate fully the total financial outlay and resource implications, and to provide added impetus to effect positive change.
Efforts should be geared towards optimizing the discharge process for patients undergoing vascular surgery, supporting the transition from hospital to community care through a multidisciplinary approach to care and implementing strategies targeted at those patients deemed to be at high risk of readmission in order to tackle this important aspect of care quality in the high-need, high-cost cohort of patients who undergo vascular surgery.
